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(§4)  Process  for  the  preparation  of  branched  polymers. 

  Process  for  the  preparation  of  a  branched  polymer  by, 
consecutively,  contacting  a  monovinyl  aromatic  monomer 
having  from  8  to  18  carbon  atoms  with  an  organolithium  ini- 
tiator,  adding  at  least  one  conjugated  diene  monomer  hav- 
ing  from  4  to  12  carbon  atoms  and  adding  a  tris-(nonylated 
phenyl)  phosphite  as  coupling  agent  in  an  amount from  0.15 
to  1.1  mol  per  mol  of  the  organolithium  initiator. 



This  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  the  p r e p a r a t i o n   o f  

branched  polymers  and  to  the  polymers  whenever  produced  by  t h i s  

p r o c e s s .  

It  is  known  to  produce  branched  or  r a d i a l   block  c o p o l y m e r s  

by  i n i t i a t i n g   the  p o l y m e r i s a t i o n   of  a  v iny l   s u b s t i t u t e d   a r o m a t i c  

compound  with  an  o rganometa l   compound,  which  is  a d v a n t a g e o u s l y  

an  o r g a n o l i t h i u m   compound,  t h e r e a f t e r   adding  a  c o n j u g a t e d   d i e n e ,  

and  coup l ing   the  r e s u l t i n g   block  copolymer  cha ins   by  a d d i t i o n   o f  

a  p o l y f u n c t i o n a l   coup l ing   a g e n t .  

US  Pa ten t   3 ,803 ,266   d i s c l o s e s   the  use  of  t r i a r y l   p h o s p h i t e s  

and  t r i a l k y l   p h o s p h i t e s   as  coup l ing   agents   in  such  p r o c e s s e s .  
S u i t a b l e   a ry l   p h o s p h i t e s   are  said  to  be  those  where in   the  a r y l  

r a d i c a l   is  phenyl  or  h y d r o c a r b o n - s u b s t i t u t e d   phenyl  having  up  t o  

12  carbon  atoms  t o t a l .   S u i t a b l e   a l k y l   p h o s p h i t e s   are  sa id   to  be 

those  wherein   the  a l k y l   r a d i c a l   c o n t a i n s   1  to  10  carbon  a t o m s ,  

p r e f e r a b l y   1  or  2.  However,  in  the  s i n g l e   working  example  g i v e n ,  

the  p h o s p h i t e   is  t r i e t h y l   p h o s p h i t e ,   which  is  used  in  a  c o n c e n -  

t r a t i o n   of  0.3  mol  per  mol   of  l i t h i u m   i n i t i a t o r .  

In  Japanese   Pa t en t   A p p l i c a t i o n   J  53-67791  a  p rocess   is  d i s -  

c losed   for  the  . p o l y m e r i s a t i o n   of  at  l e a s t   one  c o n j u g a t e d   d i e n e  

and  o p t i o n a l l y   at  l e a s t   one  v i n y l a r o m a t i c   compound  in  an  i n e r t  

s o l v e n t   us ing  an  A l f in   c a t a l y s t   which  compr ises   an  a l k e n y l  

sodium,  where in   the  p o l y m e r i s a t i o n   was  t e r m i n a t e d   be fo re   a l l  

monomer  had  r e a c t e d   by  the  a d d i t i o n   of  at  l e a s t   20  mol%  of  a  

phosphate   or  p h o s p h i t e   t r i e s t e r   per  mol  a l k e n y l   sodium.  Use  o f  

t r i - n o n y l p h e n y l   p h o s p h i t e   and  t r i - n - b u t y l   phosphate   as  p o l y m e r i -  

s a t i o n   t e r m i n a t o r s   is  e x e m p l i f i e d .   The  p o l y m e r i s a t i o n   t e r m i n a -  

to rs   were  i n t r o d u c e d   to  po lyme . r i sa t e s   at  68X  to  76X  c o n v e r s i o n .  

No  i n c r e a s e   in  v i s c o s i t y   and  no  gel  f o r m a t i o n   were  o b s e r v e d .  



In  p r o c e s s e s   where in   p o l y f u n c t i o n a l   coupl ing   agents   a r e  

employed  for  the  p r e p a r a t i o n   of  branched  polymers  having  t h r e e  

or  more  polymer  chains   coupled  to  one  a n o t h e r ,   polymer  s p e c i e s  

having  a  number  of  polymer  arms  which  is  lower  than  the  number 

which  may  be  expec ted   based  on  the  f u n c t i o n a l i t y   of  the  c o u p l i n g  

agent  w i l l   always  be  p r e s e n t .   The  e x t e n t   to  which  th i s   o c c u r s  

depends  p r i m a r i l y   on  the  molar  r a t i o   in  which  the  coupl ing   a g e n t  
and  the  a n i o n - t e r m i n a t e d   polymer  chains   are  r e a c t e d .   G e n e r a l l y  

when  the  molar  amount  of  a n i o n - t e r m i n a t e d   polymer  chains   per  mol 

of  coup l ing   agent  is  g r e a t e r   than  the  coup l ing   f u n c t i o n a l i t y   o f  

the  coupl ing   agent  the  r e s u l t i n g   polymer  is  a  mix ture   of  p r e -  

dominant ly   h igh ly   branched  polymer  s p e c i e s   and  l i n e a r   anion  t e r -  

minated  polymer  cha ins .   However,  if  the  molar  amount  of  a n i o n -  

t e r m i n a t e d   polymer  cha ins   per  mol  of  coup l ing   agent   is  lower  t h a n  

the  c o u p l i n g - f u n c t i o n a l i t y ,   the  u l t i m a t e   polymer  product   tends  t o  

comprise  a  mix ture   of  polymer  spec i e s   with  a  va ry ing   number  o f  

arms,  i . e .   l i n e a r   uncoupled  polymer  cha ins ,   l i n e a r   coupled  po lymer  

cha ins ,   and  branched  polymer  s p e c i e s   of  which  the  number  of  arms 

may  vary,   depending  on  the  f u n c t i o n a l i t y   of  the  coup l ing   a g e n t .  
In  the  case  of  t r i - f u n c t i o n a l   coup l ing   agents   i t   is  g e n e r a l -  

ly  the  case  tha t   polymer  compos i t i ons   having  a  high  con t en t   o f  

branched  polymer  spec i e s   are  only  produced  if  the  molar  r a t i o   o f  

coup l ing   agent  to  a n i o n - t e r m i n a t e d   polymer  cha ins ,   and  thus  when 

an  o r g a n o l i t h i u m   i n i t i a t o r   is  u s e d , t h e   molar  r a t i o   of  c o u p l i n g  

agent  to  o r g a n o l i t h i u m   i n i t i a t o r ,   is  w i t h i n   a  r e l a t i v e l y   n a r r o w  

r a n g e .  
It  has  now  s u r p r i s i n g l y   been  found  tha t   t r i s - ( n o n y l a t e d  

p h e n y l ) p h o s p h i t e s   may  be  used  as  coup l ing   agents   in  a  p r o c e s s  

for  the  p r e p a r a t i o n   of  branched  polymers  and  tha t   high  y i e l d s   o f  

branched  polymer  are  o b t a i n e d   over  a  wide  range  of  molar  r a t i o s  

of  coup l ing   agent  to  o r g a n o l i t h i u m   i n i t i a t o r .  

According  to  the  p r e s e n t   i n v e n t i o n   the re   is  p rovided   a  

p rocess   for  the  p r e p a r a t i o n   of  branched  polymers ,   which  c o m p r i s e s  

c o n t a c t i n g   a  monovinyl  a romat i c   monomer  having  from  8  to  18 



carbon  atoms  per  molecule   with  an  o r g a n o l i t h i u m   i n i t i a t o r ,   t h e r e -  

a f t e r   adding  at  l e a s t   one  c o n j u g a t e d   diene  monomer  having  from  4  t o  

12  carbon  atoms  per  molecule   and  t h e r e a f t e r   adding  a  p h o s p h i t e  

t r i e s t e r   as  coup l ing   agen t ,   c h a r a c t e r i s e d   in  tha t   the  p h o s p h i t e  

t r i e s t e r   is  a  t r i s - ( n o n y l a t e d   phenyl)   p h o s p h i t e   added  in  an  amount 

from  0.15  to  1.1  mol  per  mol  of  the  o r g a n o l i t h i u m   i n i t i a t o r .  

T r i s - ( n o n y l a t e d   phenyl)   p h o s p h i t e s   are  known  compounds  w h i c h  

are  sold  commerc ia l ly   as  s t a b i l i s e r - a n t i o x i d a n t s   for  p r e v e n t i o n   o f  

o x i d a t i v e   d e g r a d a t i o n   of  po lymers ,   under  a  v a r i e t y   of  t r ade   names ,  

e .g .   "Po lyga rd"   ( r e g i s t e r e d   t r a d e   mark),   "Naugard"  ( r e g i s t e r e d  

t r ade   mark),   "Ant igene   TNP"  ( r e g i s t e r e d   t r ade   mark) ,   "Anul lex   TNPP" 

( r e g i s t e r e d   t r ade   mark),   " I r g a f o s   TNPP"  ( r e g i s t e r e d   t r ade   mark)  and 

"Nocrac  TNP"  ( r e g i s t e r e d   t r ade   mark).   "Po lyga rd"   is  d e s c r i b e d   a s  

being  a  t r i ( m i x e d   mono-  and  d i n o n y l p h e n y l )   p h o s p h i t e   ( P o l y g a r d  

T e c h n i c a l   B u l l e t i n   No.  15;  March  1964,  ex  U n i r o y a l ) .  

The  molar  r a t i o   of  t r i s - ( n o n y l a t e d   phenyl)   p h o s p h i t e   t o  

o r g a n o l i t h i u m   i n i t i a t o r   is  p r e f e r a b l y   in  the  range  0.2  to  0.6;  more 

p r e f e r a b l y   0.25  to  0.5,   and  a d v a n t a g e o u s l y   in  the  range  0.3  to  0 . 4 .  

The  m o n o v i n y l - s u b s t i t u t e d   a roma t i c   monomer  employed  in  t h e  

p roces s   of  the  i n v e n t i o n   is  p r e f e r a b l y   one  or  more  s t y r e n e s ,  

o p t i o n a l l y   s u b s t i t u t e d   by  one  or  more  a l k y l ,   c y c l o a l k y l   or  a r y l  

s u b s t i t u e n t s ,   or  a  v i n y l   n a p h t h a l e n e .   Examples  of  s u i t a b l e   s u c h  

monomers  i n c l u d e   s t y r e n e ,   3 - m e t h y l s t y r e n e ,   4 - n - p r o p y l s t y r e n e ,  

4 - c y c l o h e x y l s t y r e n e ,   4 - d e c y l s t y r e n e ,   2 - e t h y l - 4 - b e n z y l s t y r e n e ,  

4 - p - t o l y l s t y r e n e ,   1 - v i n y l n a p h t a l e n e ,   2 - v i n y l n a p h t a l e n e .   S ty rene   i s  

the  most  p r e f e r r e d   a romat i c   monomer. 

The  c o n j u g a t e d   diene  monomer  employed  in  the  p roce s s   of  t h e  

p r e s e n t   i n v e n t i o n   is  p r e f e r a b l y   one  c o n t a i n i n g   from  4  to  8  c a r b o n  

atoms  per  mo lecu le .   Examples  of  s u i t a b l e   such  c o n j u g a t e d   d i e n e  

monomers  i nc lude   1 , 3 - b u t a d i e n e ,   i s o p r e n e ,   2 , 3 - d i m e t h y l - 1 , 3 - b u t a -  

d iene ,   and  p i p e r y l e n e ;   1 , 3 - b u t a d i e n e   is  p a r t i c u l a r l y   p r e f e r r e d .  

The  p o l y m e r i s a t i o n   i n i t i a t o r   employed  in  the  p roces s   a c c o r d i n g  

to  the  i n v e n t i o n   is  p r e f e r a b l y   a  h y d r o c a r b y l   monol i th ium  compound, 

which  can  be  r e p r e s e n t e d   by  the  formula   RLi,  wherein   R  is  a  h y d r o -  



carbon  r a d i c a l   s e l e c t e d   from  a l i p h a t i c ,   c y c l o a l i p h a t i c   or  a r o m a t i c  

r a d i c a l s   c o n t a i n i n g   for  example  from  1  to  20  carbon  atoms  per  m o l e c u l e .  

Examples  of  such  i n i t i a t o r s   i nc lude   n - b u t y l l i t h i u m ,   s e c - b u t y l l i t h i u m ,  

m e t h y l l i t h i u m ,   p h e n y l l i t h i u m ,   n a p h t h y l l i t h i u m ,   p - t o l y l l i t h i u m ,   c y c l o -  

h e x y l l i t h i u m ,   and  e i c o s y l l i t h i u m .   S e c - b u t y l l i t h i u m   is  a  p r e f e r r e d  

i n i t i a t o r .  

The  process   of  the  i n v e n t i o n   may  c o n v e n i e n t l y   be  e f f e c t e d  

in  the  p resence   of  a  hydrocarbon   so lven t   such  as  an  a l i p h a t i c ,  

c y c l o a l i p h a t i c   or  a romat i c   hydrocarbon   having  4  to  10  carbon  atoms  p e r  

molecu le ,   or  mix tu res   t h e r e o f .   Examples  of  such  hydrocarbon   s o l v e n t s  

i nc lude   n -hexane ,   n - h e p t a n e ,   2 , 2 , 4 - t r i m e t h y l p e n t a n e ,   c y c l o h e x a n e ,  

benzene  and  t o l u e n e .   The  r e a c t i o n   is  g e n e r a l l y   c a r r i e d   out  w i t h  

a  weight  r a t i o   of  s o l v e n t   to  monomers  g r e a t e r   than  1:1.  P r e f e r a b l y  

the  so lven t   is  employed  in  an  amount  in  the  range  400  to  1500 

pa r t s   per  100  pa r t s   by  weight  of  t o t a l   monomers.  

Reac t ion   between  the  o r g a n o l i t h i u m   i n i t i a t o r   and  t h e  

monomers  may  t y p i c a l l y   be  complete  in  a  per iod   of  time  r a n g i n g  

from  a  few  minutes   to  about  6  hours ,   more  s p e c i f i c a l l y   about  10 

minutes  to  about  2.5  hours .   P o l y m e r i s a t i o n   t e m p e r a t u r e   is  n o t  

c r i t i c a l   and  w i l l   g e n e r a l l y   be  in  a  range  -20°C  to  150°C,  p r e f e r -  

ably  in  the  range  30°C  to  90°C. 

Add i t ion   of  monomers  can  be  c a r r i e d   out  via  a  s i n g l e   o r  

m u l t i p l e   a d d i t i o n   p rocedu re .   Genera l ly   when  block  copolymers  a r e  

p repa red   the  monomer  a d d i t i o n   is  c a r r i e d   out  in  two  c o n s e c u t i v e  

a d d i t i o n s ,   each  a d d i t i o n   having  a  compos i t i on   c o r r e s p o n d i n g  

with  the  compos i t i on   of  the  polymer  b l o c k .  

On  comple t i on   of  the  p o l y m e r i s a t i o n   t r i s - ( n o n y l a t e d   p h e n y l )  

p h o s p h i t e   is  added  be fore   a d d i t i o n   of  any  o ther   m a t e r i a l   wh ich  

might  t e r m i n a t e   the  p o l y m e r i s a t i o n   r e a c t i o n   or  d i s p l a c e   l i t h i u m  

atoms  from  polymer  cha ins   formed  in  the  r e a c t i o n   mix tu re .   The  t em-  

p e r a t u r e   at  which  the  coup l ing   r e a c t i o n   is  c a r r i e d   out  can  v a r y  

over  a  broad  range  and  for  convenience   is  o f t en   the  same  as  t h e  

t e m p e r a t u r e   of  p o l y m e r i s a t i o n .   Coupling  w i l l   t y p i c a l l y   be  c o m p l e t e  

in  1  to  60  minutes .   Longer  coupl ing   times  may  be  r e q u i r e d   at  l o w e r  

t e m p e r a t u r e s .  



The  f o l l o w i n g   Examples  f u r t h e r   i l l u s t r a t e   the  i n v e n t i o n .  

In  each  of  the  examples  and  compara t ive   expe r imen t s   po lym-  

e r i s a t i o n   was  c a r r i e d   out  by  i n t r o d u c i n g   12  g  s t y r e n e   monomer  i n t o  

250  ml  cyc lohexane   in  a  rubber   capped  serum  b o t t l e ,   which  was  u s e d  

as  r e a c t i o n   v e s s e l .   The  serum  b o t t l e s   were  s u b s e q u e n t l y   p laced   in  a 

t h e r m o s t a t t e d   water   ba th ,   p rov ided   with  a  tumbl ing   mechanism  f o r  

the  b o t t l e s ,   to  ensure   homogenei ty   of  the  r e a c t i o n   mix tu re .   The 

t e m p e r a t u r e   of  the  bath  was  set  at  50°C.  Upon  r e a c h i n g   t h i s  

t e m p e r a t u r e   p o l y m e r i s a t i o n   was  i n i t i a t e d   by  i n t r o d u c i n g   0.85  mmol 

of  s e c - b u t y l l i t h i u m   in to   the  b o t t l e ,   us ing  a  micro  s y r i n g e ,   (as  a  

cyc lohexane   s o l u t i o n   of  c o n c e n t r a t i o n   200  ml  i n i t i a t o r   per  l i t e r ) .  

Upon  comple t ion   of  the  s t y r e n e   p o l y m e r i s a t i o n   which  was  a c h i e v e d  

w i t h i n   30  minu te s ,   a  sample  was  taken  for  m o l e c u l a r   w e i g h t  

d e t e r m i n a t i o n ,   and  the  b o t t l e s   were  cooled  to  20°C.  S u b s e q u e n t l y  

29  g  1 , 3 - b u t a d i e n e   ( l i q u e f i e d   at  -30°C)  were  i n t r o d u c e d ,   t h e  

b o t t l e s   were  r e p l a c e d   in  the  t h e r m o s t a t t e d   bath  and  p o l y m e r i s a t i o n  

c o n t i n u e d .   When  a l l   the  1 , 3 - b u t a d i e n e   had  r e a c t e d ,   which  r e q u i r e d  

a p p r o x i m a t e l y   90  minu te s ,   a  sample  was  taken  for  m o l e c u l a r   w e i g h t  

d e t e r m i n a t i o n   and  s u b s e q u e n t l y   the  a p p r o p r i a t e   amount  of  t h e  

p h o s p h i t e   t r i e s t e r   coup l ing   a g e n t  -   t r i s - ( n o n y l a t e d   p h e n y l )  

p h o s p h i t e   or  one  of  the  t r i a l k y l   p h o s p h i t e s   u s e d  -   was  added  (as  a  

10  %w/w  s o l u t i o n   in  cyc lohexane)   to  a r r i v e   at  a  d e s i r e d   molar  r a t i o  

of  coup l ing   agent  to  l i t h i u m   t e r m i n a t e d   s t y r e n e - b u t a d i e n e   b l o c k  

c o p o l y m e r .  

The  coup l ing   r e a c t i o n   was  a l lowed  to  proceed  at  50°C  for  30 

minutes   whereupon  the  c o n t e n t s   of  the  r e a c t o r   were  s t a b i l i s e d   by 

the  a d d i t i o n   of  2 , 6 - d i - t e r t - b u t y l c r e s o l .   S u b s e q u e n t l y   the  c o n t e n t s  

of  the  serum  b o t t l e s   were  t r a n s f e r r e d   to  round  bottomed  r e a c t o r s   t o  

i s o l a t e   the  polymer  by  steam  c o a g u l a t i o n   fo l lowed  by  drying  at  50°C 

under  s u b - a t m o s p h e r i c   p r e s s u r e .  
The  a p p a r e n t   m o l e c u l a r   weights   of  the  d i f f e r e n t   samples  w e r e  

de t e rmined   by  gel  pe rmea t i on   chromatography   (CGPC),  us ing  Wa te r s  

A s s o c i a t e s  -   440  equipment  c a l i b r a t e d   with  p o l y s t y r e n e   of  known 

m o l e c u l a r   w e i g h t .  

R e s u l t s   are  given  in  Table  1 .  f o l l o w i n g .  





1.  A  p rocess   for  the  p r e p a r a t i o n   of  branched  polymers ,   w h i c h  

comprises   c o n t a c t i n g   a  monovinyl  a romat ic   monomer  having  from  8  t o  

18  carbon  atoms  per  molecule   with  an  o r g a n o l i t h i u m   i n i t i a t o r ,  

t h e r e a f t e r   adding  at  l e a s t   one  c o n j u g a t e d   diene  monomer  having  f rom 

4  to  12  carbon  atoms  per  molecule   and  t h e r e a f t e r   adding  a  p h o s p h i t e  

t r i e s t e r   as  coup l ing   agen t ,   c h a r a c t e r i s e d   in  tha t   the  p h o s p h i t e  

t r i e s t e r   is  a  t r i s - ( n o n y l a t e d   phenyl)   p h o s p h i t e   added  in  an  amount 

from  0.15  to  1.1  mol  per  mol  of  the  o r g a n o l i t h i u m   i n i t i a t o r .  

2.  A  p rocess   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   in  tha t   t h e  

monovinyl   a romat i c   monomer  is  s t y r e n e   and  the  c o n j u g a t e d   d i e n e  

monomer  is  1 , 3 - b u t a d i e n e .  

3.  A  p rocess   a cco rd ing   to  claim  1  or  2,  c h a r a c t e r i s e d   in  tha t   t h e  

t r i s - ( n o n y l a t e d   phenyl)   p h o s p h i t e   is  used  in  the  range  of  0.25  t o  

0.5  mol  per  mol  of  o r g a n o l i t h i u m   i n i t i a t o r .  

4.  A  p rocess   a c c o r d i n g   to  claim  3,  where in   the  t r i s - ( n o n y l a t e d  

phenyl)   p h o s p h i t e   is  used  in  the  range  of  0.3  to  0.4  mol  per  mol  o f  

o r g a n o l i t h i u m   i n i t i a t o r .  

5.  A  p rocess   a c c o r d i n g   to  any one  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i s e d   in  tha t   the  o r g a n o l i t h i u m   i n i t i a t o r   i s  

s e c - b u t y l l i t h i u m .  

6.  A  p roces s   a c c o r d i n g   to  claim  1,  s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d   with  r e f e r e n c e   to  any  of  Examples  1  to  6.  

7.  A  branched  polymer,   whenever  p r epa red   by  a  p rocess   a c c o r d i n g  

to  any one  of  the  p r e c e d i n g   c l a i m s .  
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